Introduction
============

Platypnea-orthodeoxia (POS) is a disease that is characterized by dyspnea and hypoxemia, which appear during sitting or standing ([@B1],[@B2]). Mechanistically, an intra-pulmonary atrial-venous shunt or right-to-left atrial shunt is thought to increase during standing or sitting, thus resulting in hypoxemia ([@B3]-[@B5]). A small number of cases of POS in patients with an occult atrial septal defect (ASD) have been reported and successfully treated in Japan ([@B6]-[@B9]).

We encountered a 77-year-old woman with POS who had an ASD and an elongated aorta. The POS symptoms were induced upon sitting or standing. Increased right to left atrial shunt flow was confirmed by transesophageal echocardiography. The surgical closure of the ASD was effective for resolving the symptoms of POS.

Case Report
===========

A 77-year-old woman visited our hospital due to dyspnea. Her symptoms developed over three years and occurred during sitting, standing or walking. She was a mother of two children and had no heart or lung disease. She developed a vertebral compression fracture at 73 years of age and was hospitalized for a brain abscess at 74 years of age. She had no relevant family history.

The examination upon admission
------------------------------

The patient was 153 cm tall and weighed 59 kg, her body temperature was 36.7°C, her blood pressure was 140/80 mmHg (systolic and diastolic), and her heart rate was 95 beats per minute. The physical examination indicated no abnormalities. We did not observe neck vein dilatation or peripheral edema.

A chest X-ray revealed no lung abnormalities and a normal cardiac silhouette ([Fig. 1A](#g001){ref-type="fig"}). Her electrocardiography (ECG) showed a normal sinus rhythm with normal atrio-ventricular conduction and a normal QTc interval. Counterclockwise rotation was observed in the precordial leads ([Fig. 1B](#g001){ref-type="fig"}). Echocardiography showed that the patient\'s cardiac function and cardiac structure were normal; no shunt flow was noted.

![The chest X-ray upon admission. A: The chest X ray film showed normal lungs and a normal cardiac silhouette. B: ECG showed a normal sinus rhythm with normal atrio-ventricular conduction, a normal QRS width and a normal QT interval: 200 ms, 80 ms and 436 ms^1/2^, respectively. Counterclockwise rotation is visible.](1349-7235-56-0169-g001){#g001}

Her blood chemistry and serology results were normal, as were her total blood counts. Her peripheral oxygen saturation was 92-93%, and her N-terminal pro-brain natriuretic peptide (NT-proBNP) was slightly elevated to 168 pg/mL.

The patient\'s course during hospitalization
--------------------------------------------

Cardiac catheterization was performed soon after the patient\'s admission, but it showed normal pressure tracings. The cardiac wall motion and anatomy were also normal. Angiography of the coronary artery and left ventricle revealed normal findings. The patient\'s oxygen saturation was within the normal range in each chamber ([Table 1](#t001){ref-type="table"}).

Because POS was suspected on the basis of her history, the patient\'s oxygen saturation was re-measured in different postures. The oxygen saturation was observed to markedly decrease when the patient changed from the supine position to a sitting or standing position ([Fig. 2](#g002){ref-type="fig"}). Lung perfusion scintigraphy indicated a \>20% right-to-left shunt.

###### 

Catheterization Data.

  -------------------------------------------------------------
  Sampling site        Pressure (mean)\   O~2~ saturation (%)
                       (mmHg)             
  -------------------- ------------------ ---------------------
  Superior vena cava   12/7 (8)           73.5

                                          

  Inferior vena cava   10/8 (9)           73.4

                                          

  Right atrium         10/6 (8)           71.4

                                          

  Right ventricle      28/0 (10)          68.1

                                          

  Pulmonary artery     28/10 (18)         71.0

                                          

  Left ventricle       142/0 (10)         96.4

                                          

  Aorta                140/80 (90)        96.4
  -------------------------------------------------------------

![A marked decrease in the oxygen saturation was observed when the patient changed to a sitting position from a supine position (red line). After the surgical closure of the ASD, her symptoms were cleared and the oxygen saturation no longer decreased (blue line).](1349-7235-56-0169-g002){#g002}

To demonstrate the right to left shunt, normal saline shaken with air was rapidly intravenously injected under transthoracic echocardiography. Bubbles appeared in the left atrium within 3 heart beats after reaching the right atrium when the patient was in a sitting position; however, this process was not observed when the patient was in the supine position. It was difficult to obtain the usual four-chamber view with transesophageal echocardiography but the procedure showed a small ASD with a slight right to left shunt flow, even when the patient was in the supine position. The shunt flow increased when the patient changed to a sitting position, flowing from the inferior vena cava directly to the ASD ([Fig. 3](#g003){ref-type="fig"}). Computed tomography (CT) showed the elongation of the aorta, which was compressing the right atrium and the right ventricle and distorting the heart position ([Fig. 4](#g004){ref-type="fig"}).

![Transesophageal echocardiography. A typical four-chamber view was difficult to obtain, but a shunting flow was observed through the atrial septum when the patient was in the supine position. The flow increased upon the assumption of a sitting position. The blood appeared to be flowing directly from the inferior vena cava to the ASD.](1349-7235-56-0169-g003){#g003}

![Chest computed tomography (CT). Chest CT showed the elongation of the aorta, which caused the compression of the right atrium and ventricle. A trans-section view of the left ventricular cavity was obtained in the coronary view and revealed the abnormal position of the left ventricle due to the elongated aorta.](1349-7235-56-0169-g004){#g004}

Re-catheterization was performed to close the ASD. The pressure tracings were normal in the atria and ventricles and the pressure of the right atrium never exceeded the left atrial pressure. The ASD was estimated to be 8-9 mm in diameter. Because of the crooked atrial septum, trans-catheter closure was abandoned. The surgical closure of the ASD was performed, but the elongated aorta was not corrected. At the time of surgery, the maximal diameter of the ASD was 19 mm.

After surgery, the patient\'s POS symptoms were completely resolved, and her oxygen saturation no longer decreased during sitting or standing ([Fig. 2](#g002){ref-type="fig"}). The patient was discharged and was followed up at the outpatient clinic, but there were no further events.

Discussion
==========

A 77-year-old woman developed typical symptoms of POS (dyspnea during standing or exertion). Catheterization, when the patient was in the supine position, revealed no sign of congestion or shunting. An increase in the right to left shunt through the ASD, when the patient was in a sitting position, was confirmed by transesophageal echocardiography, and a decrease in the arterial O~2~ saturation was observed. The CT showed elongation of the aorta that compressed the right side of the heart and displaced the entire heart. The ASD was surgically closed without the correction of the elongated aorta, and the patient showed a full improvement.

POS can occur due to intracardiac shunts, pulmonary areteriovenous shunts or ventilation/perfusion mismatch in the lung ([@B1],[@B2]). Rodrigues et al. ([@B10]) collected 188 patients with POS caused by interatrial right to left shunts. Among them, patent foramen ovale (PFO) was the main cause of interatrial shunts (88.3%), and ASDs and atrial septal aneurysms were observed in 19.5% and 14.3% of the patients, respectively. [Table 2](#t002){ref-type="table"} shows a summary of the POS cases with ASD that have been reported in Japan ([@B6]-[@B9]). The number of cases is limited either due to the rarity of POS cases with ASD or because many cases have not been reported.

###### 

POS Cases Due to ASD Reported in Japan.

  ---------------------------------------------------------------------------------
  Reference No.   Age\      Gender   Diagnosis            Treatment     Outcome
                  (years)                                               
  --------------- --------- -------- -------------------- ------------- -----------
  6               75        M        ASD, elongated Ao.   Surgery       Improved

                                                                        

  7               79        F        ASD                  Catheter      Improved

                                                                        

  8               79        F        ASD                  Catheter      Improved

                                                                        

  9               76        M        ASD, Pneumonitis     Observation   No change

                                                                        

  Present case    77        F        ASD, elongated Ao.   Surgery       Improved
  ---------------------------------------------------------------------------------

\*: Written in Japanese. M: male, F: female, ASD: atrial septal defect, Ao: aorta

All of the cases displayed characteristic POS symptoms that occurred during sitting or standing and which were aggravated during exercise. Patients with POS may visit cardiologists; however, a physical examination usually reveals normal results and catheterization may reveal apparently normal findings, including normal pressure tracings and normal coronary arteries with no sign of congestive heart failure.

Attention to a patient\'s history would provide important clues for the diagnosis of POS. Dyspnea and a decrease in the arterial oxygen saturation upon the assumption of a sitting or standing position is a characteristic of POS ([Fig. 2](#g002){ref-type="fig"}). A transesophageal echocardiography is crucial for confirming an increase in the right to left shunt through the ASD ([Fig. 3](#g003){ref-type="fig"}). The patient had a history of a brain abscess, which might have occurred due to the paradoxical shunt through the ASD, but no further examinations were performed at that time.

Since interatrial right-to-left shunts due to PFO or ASD occur without the elevation of the right atrial pressure, additional factors are considered to be involved. Among the 188 patients, Rodrigues et al. observed aortic dilatation, aneurysm or distortion in 23.4% ([@B10]). Eicher et al. ([@B11]) observed aortic dilatation in 16 of the 19 POS patients (63%). Excessive elongation of the aorta, aortic root dilatation or aortic aneurysm was considered to induce changes in the conformation, size and mobility of the atrial septum, and to potentiate the right-to-left shunts ([@B12]-[@B15]). In the present case, the elongated aorta was compressing the atrium and the right ventricle and altering the heart position, which resulted in counterclockwise rotation and lifted the heart apex ([Fig. 4](#g004){ref-type="fig"}). During sitting or standing, the ASD is considered to face directly toward the inferior vena cava, resulting in an increased right-to-left atrial shunt ([Fig. 3](#g003){ref-type="fig"}). The mechanism of aortic elongation remains unknown. However, the present patient had a compression fracture of the vertebrae, which might have resulted in the relative elongation of the aorta and a distortion of the heart geometry and position.

Most POS patients with interatrial shunts have been successfully treated by percutaneous closure of the PFO or ASD ([@B7],[@B8],[@B10]-[@B12]); catheterization is the first-line approach. However, we abandoned the trans-catheter technique due to the deformation of the atrial septum, and treated the patient surgically.

The concomitant correction of the elongated aorta has been reported in cases of POS with PFO ([@B16],[@B17]); however, the closure of the ASD alone resulted in the complete resolution of the POS symptoms of the patient in the present case.

The patient\'s dyspnea during standing or exertion led to the diagnosis of POS. A careful assessment of the patient\'s history and the demonstration of a decrease in the arterial O~2~ saturation and an increase in the right to left shunt through the ASD by transesophageal echocardiography were essential for the diagnosis. Closure of the ASD improved her symptoms.
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